ABSTRACT: Ethanolic extracts of pneumatophores of two mangrove species-Avicennia alba and Sonneratia apetala were studied in vitro for antioxidant capacity by measuring their ability to scavenge free radicals and determining total phenolic, flavonoid and tannin contents. In vivo measurement of antihyperglycemic activity of extracts was done by oral glucose tolerance test. In considering the antioxidant activity, S. apetala extract showed superior IC50 (concentration of sample required to inhibit 50% of free radicals) value for scavenging DPPH radical (71.77 µg/ml), hydrogen peroxide radical (97.27 mg/l), hydroxyl radical (79.62 mg/l) and superoxide anion (108.89 mg/l). For A. alba, the values for the radical scavenging assays were much higher. In addition, total phenol, flavonoid and tannin content demonstrated by S. apetala were 204.03 mgGAE/g, 228.68 mgQE/g and 235.89 mgGAE/g whereas for A. alba, they were 65.52 mgGAE/g, 44 mgQE/g and 37.71 mgGAE/g, respectively. In oral glucose tolerance test, S. apetala reduced the blood glucose level to a higher extent than A. alba. So, S. apetala with higher amount of secondary metabolites (phenol, flavonoid, tannin) is a superior source of natural antioxidants and antihyperglycemics.
INTRODUCTION
Any molecule containing one or more unpaired electrons are free radicals. The radicals are constantly produced during the normal oxidation of foods and about 1-4% of oxygen taken up in the body is converted to free radicals. 1 The free radical chain reactions are usually produced in the electron transport chain in mitochondria, through liver mixed function oxidases, xanthine oxidase and aldehyde oxidase activity and in macrophage by nitric oxide synthase enzyme. Free radicals mediate lipid peroxidation which in turn stimulate oxidation of sulfhydryl groups, glycation of protein, inactivation of enzymes and fragmentation of DNA bases and deoxyribose leading to cytotoxicity and mutations.
Although the radicals are important intermediates in natural processes, a variety of pathological conditions like cancer, cardiovascular, inflammatory and respiratory diseases, infertility, aging as well as Parkinson's disease, Alzheimer's disease, multiple sclerosis, liver cirrhosis, muscular dystrophy etc. are caused by them. 3, 4 In addition, radicals or reactive oxygen species (ROS) together with increased triglyceride and lipoprotein levels produced during hyperglycemia due to impaired glucose metabolism play the central role in diabetes complications during diabetes mellitus. Along with oxidative stress, impaired insulin action leading to increased glucose production is also responsible for diabetes. 5 Therefore, now the search is directed for antioxidative phytochemicals with antihyperglycemic therapeutic effects.
The body has several mechanisms to counteract the oxidative free radical damage by producing antioxidants. Antioxidants are scavengers of free radicals relative to oxidizable substrate that significantly delay or reduce substrate oxidation. However, single antioxidant molecule reacts with single free radical and hence a constant need to replenish antioxidant resources is important. 6 Mangrove plants are equipped with very efficient free radical scavenging system due to the hostile environmental conditions like water logging, high salinity, low oxygen, high wind and temperature etc. 7 They possess a wide variety of phytochemicals such as phenolic compounds (e.g. phenolic acids, flavonoids, quinones, coumarins, lignans, tannins), nitrogen compounds (alkaloids, amines, betalains), vitamins, terpenoids (including carotenoids) and some other endogenous metabolites rich in antioxidant and hypoglycemic activity. 8, 9 Sundarbans is the largest mangrove forest of the world which is on the verge of extinction due to global warming, deforestation, soil erosion and devastating natural calamities. 10 So, determination of antioxidative and antihyperglycemic activities of pneumatophores of two mangrove species A. alba and S. apetala along with their total contents of secondary metabolites e.g. phenols, flavonoids and tannins is much demanding and significant. 
MATERIALS AND METHODS

Chemicals
Antioxidant Assay
Qualitative antioxidant activity test. The test was done using pre-coated silica gel TLC plates and developed in polar, medium polar and non-polar solvent systems. Then 0.02% DPPH solution was applied and color change was noted.
11
DPPH radical scavenging activity test. DPPH radical scavenging activity of sample extracts was tested by modifications of reported microplate method to determine IC 50 values using DPPH. 12 Thermo Scientific Multiskan Ex microplate photometer was used to measure the absorbance at 517 nm. Antioxidant capacity was determined in terms of IC 50 , calculated from the log concentrationpercent inhibition curve.
13
Hydrogen peroxide scavenging activity test. It was measured in accordance with the method of Keser.
14 Antioxidant activity was determined in terms of IC 50 , calculated from the log concentration-percent inhibition curve.
Hydroxylradical scavenging activity test. The test was performed according to the method described by Elizabeth and Rao with slight modifications. 15 The activity was measured by determining the competition between deoxyribose and sample extracts for hydroxyl radicals generated by Fe 3+ /ascorbate/EDTA/H 2 O 2 system (the Fenton reaction).
16
Superoxide radical scavenging activity test. Superoxide radical scavenging assay is based on the reduction of nitro blue tetrazolium (NBT) in presence of NADH and phenazoniumme thosulphate (PMS). 17 The test was performed according to the method described by Nishikimi with slight modifications.
18
Determination of total secondary metabolites Total phenolic content determination. Total phenolic content (TPC) was determined by using Folin-Ciocalteu reagent with gallic acid as standard and expressed as mg gallic acid equivalent (mgGAE)/gm dried plant extract.
19
Total flavonoid content determination. Aluminium chloride colorimetric assay was used for the determination of total flavonoid content (TFC) of the sample extracts and quercetin was used as standard. 20 TFC of extracts, measured from quercet in standard curve was expressed as mg quercet in equivalent (mgQE)/gm dried plant extract
Total tannin content determination. Total tannin content (TTC) of sample extracts was determined by Folin-Ciocalteure agent and expressed as mg gallic acid equivalent (mgGAE)/gm dried plant extract.
21
Antihyperglycemic assay. One of the acceptable methods to evaluate the antihyperglycemic activity of plant extracts is oral glucose tolerance evaluation or oral glucose tolerance test (OGTT). 22 In this test, glucose is given to mice orally and level of glucose in blood sample is measured afterward to determine how quickly it is cleared from blood. In the present study, antihyperglycemic activity of ethanolic extract of pneumatophores of A. alba and S. apetala was screened and compared with the glibenclamide standard.
RESULTS AND DISCUSSION
In the DPPH assay on TLC plate, any electron or hydrogen donating molecule in mixture will react with and bleach DPPH. Thus, DPPH is reduced from purple to a light yellow component. 8 A. alba and S.
apetala extracts showed free radical scavenging property indicated by the presence of light yellow spot on the TLC plate. In DPPH radical scavenging activity test, purple colored DPPH has maximum absorption at 517 nm. Scavenging DPPH radical by antioxidants results in a decrease in absorption over time which is proportional to the concentration of radicals being scavenged.
23 Figure 1 shows the DPPH radical scavenging assay results where S. apetala extract revealed an IC 50 value of 71.77 µg/ml whereas for A. alba it was 1196.74 µg/ml. So, compared to the standard ascorbic acid (IC 50 14.42 µg/ml), S. apetala has relatively high antioxidant property than A. alba. Hydrogen peroxide (H 2 O 2 ) itself is not a free radical rather a weak oxidizing agent that rapidly crosses the cell membranes and reacts with Fe 2+ and Cu 2+ ions to form hydroxyl radicals inside the cell. 16 In the hydrogen peroxide scavenging assay, A. alba scavenged H 2 O 2 with an IC 50 value of 178.65 mg/l whereas for S. apetala, it was 97.27 mg/l. Again, IC 50 value for ascorbic acid standard was 83.95 mg/l ( Figure 2) . Therefore, S. apetala showed higher scavenging ability than A. alba.
In hydroxyl radical scavenging activity test, hydroxyl radicals were produced by incubating ferric-EDTA with ascorbic acid and H 2 O 2 at pH 7.4. Then the radical was reacted with 2-deoxy-2-ribose to generate a MDA-like product that forms a pink chromogen upon heating with TBA at low pH. The sample extracts added to the reaction mixture exerted antioxidant activity by competing with deoxyribose for hydroxyl radicals and thus preventing the reaction. 16 A. alba extract displayed hydroxyl radical scavenging activity with an IC 50 value of 132.43 mg/l, for S. apetala it was 79.62 mg/l and for ascorbic acid standard, it was 62.95 mg/l (Figure 3 ). The IC 50 values indicate that S. apetala plant extract is a better hydroxyl radical scavenger than the A. alba. In the superoxide radical scavenging activity test, superoxide anion (O 2-) derived from dissolved PMS-NADH coupling reaction reduces NBT to a purple form and hence NBT is the probe to quantify its (O 2-)
concentration. The reduction of absorbance at 560 nm after incubation of tested samples indicated the consumption of superoxide anion in the reaction mixture. 23 Figure 4 shows that the IC 50 value for A. alba extract is 257.04 mg/l and for S. apetala it is 108.89 mg/L compared to the ascorbic acid standard (IC 50 92.26 mg/l). So, S. apetala is a better scavenger of superoxide radical than A. alba.
Plant secondary metabolites like polyphenols, flavonoids and tannins were suggested to have evolved for protecting the plant from herbivores. 24 In human, many phenolics are responsible for reducing the risk of developing chronic diseases like cardiovascular disease, cancer, diabetes, etc. Tannins have marked anti-tumor, anti-viral, and anti-HIV activities along with inhibition of lipid peroxidation and plasmin, mediation of DNA nicking and amelioration of renal failure etc. On the other hand, flavonoids exhibit anti-spasmodic, anti-inflammatory, and anti-allergic activities as well as protective effects against vascular and hepatic disorders. By investigating the mechanism of action of these effects, antioxidant and free-radical scavenging actions were found responsible. 25 In previous studies, different polyphenols were isolated from different parts of A. alba and S. apetala. Three new naphthoquinones, named avicequinone-A, -B, -C and their analogues avicenol A, B, C were reported in A. alba. 26 On the other hand, S. apetala was screened for secondary metabolites and different polyphenols, anthocyanins, flavonoid aglycones and flavonoid glycosides along with gallic acid, (+)-catechin, (-)-epicatechin, ellagic acid and quercetin were that exhibit strong antioxidant activity. 27 Here, total phenolic content of A. alba was 65.52 mg gallic acid equivalent (mgGAE)/g and for S. apetala it was 204.03 mgGAE/g. However, total flavonoid content was 44.0 mgQE/g for A. alba and 228.68 mgQE/g for S. apetala. As far as total tannin content was concerned, S. apetala dominated with a value of 235.89 mgGAE/g, whereas for A. alba it was 37.71 mgGAE/g.
In considering the antihyperglycemic effect, oral glucose tolerance evaluation is a standard test for measuring how quickly exogenous glucose can be cleared from blood. Glucose uptake of cells from the blood is controlled by insulin and impairment in glucose tolerance (i.e., higher time to clear certain amount of glucose) indicates problems with conservation of glucose homeostasis i.e. carbohydrate metabolism, insulin resistance, diabetes etc. 28 In evaluating the antihyperglycemic activity of the pneumatophores of plant extracts, S. apetala showed significant effect rather than A. alba at doses 250 and 500 mg/kg body weight at 60 and 120 min after the administration of glucose (Table 1) . Possible mechanisms of antihyperglycemic activity for the plant extract include substantial free radical scavenging activity, increased insulin releasing activity, insulin mimetic activity, altered glucose utilization, regeneration of pancreatic Islets of Langerhans and transport of blood glucose to the peripheral tissue mediated by the presence of secondary metabolites such as triterpenes, steroids, flavonoids, alkaloids, phenolics etc. Values are means ± S.D., n = 5, p < 0.05 (*), p < 0.01 (**). When all the calculated data for the evaluation of antioxidative activity was accumulated in a single table (Table 2 ), a definite linear correlation was found between free radical scavenging effect and amount of total secondary metabolites of the samples. In addition, substantially higher antihyperglycemic activity of S. apetala was also supported by its superior contents of phenol, flavonoid, tannin and other secondary metabolites. So, on the basis of these results, it could be concluded that S. apetala might be a prospective resource of antioxidative and antihyperglycemic constituents.
CONCLUSION
Based on the obtained data of present study, it can be concluded that ethanolic extract of S. apetala pneumatophore, which contains large amounts of phenolic compounds, flavonoids and tannins, exhibits a higher extent of antioxidative free radical scavenging and antihyperglycemic activity than A. alba which contains less amount of secondary metabolites. These in vitro and in vivo assays are indicators of the plant extracts as potential source of natural antioxidants and antihyperglycemics which might be essential in the prevention of various oxidative stresses, diabetes and related physiological disorders.
